Background
stage 4 fibrosis; (2) clinical liver decompensation including ascites, variceal hemorrhage, and hepatic encephalopathy; and (3) imaging signs showing a nodular and shrunken liver [13, 14] .
Patients with the following criteria were excluded: lack of HVPG measurement or relevant laboratory data; splenectomy; pregnancy; malignant tumors; liver transplantation; and serious disease in other organ systems. All information regarding patient demographics, laboratory data, etiology of cirrhosis, Child-Pugh classification and HVPG measurement was obtained from the electronic medical records of Shandong Provincial Hospital Affiliated with Shandong University, and the study began on June 2, 2016. The authors had no access to information that could identify individual participants during or after data collection. All procedures were approved by the Ethics Committee of Shandong Provincial Hospital Affiliated with Shandong University. In addition, all methods were performed in accordance with the relevant guidelines and regulations.
Measurement of HVPG
HVPG measurements were performed for each patient by one experienced operator according to the international standard [15, 16] . Free hepatic venous pressure (FHVP) was measured by placing a balloon catheter in the right hepatic vein through right jugular vein puncture. Then, the operator inflated the balloon catheter in the right hepatic vein to measure the wedged hepatic venous pressure (WHVP). Finally, the HVPG value was determined by subtracting the FHVP from the WHVP. Measurements were performed at least three times and averaged. According to the consensus, clinically significant PH (CSPH) was diagnosed as HVPG ! 10 mmHg, whereas severe PH (SPH) was diagnosed as HVPG ! 12 mmHg. HVPG < 10 mmHg was defined as PH grade 1; 10 HVPG < 12 mmHg was defined as PH grade 2; and HVPG ! 12 mmHg was defined as PH grade 3.
Noninvasive liver fibrosis indexes
The following serum markers were evaluated in all patients using published formulas: aspartate aminotransferase (AST)-to-alanine aminotransferase (ALT) ratio (AAR), AST-to-platelet (PLT) ratio index (APRI), fibrosis index (FI), FIB-4, Forns index, King's score, and the Lok index, as shown below [17] [18] [19] [20] [21] [22] [23] . 
Statistical analysis
Continuous variables are expressed as the means ± standard deviation (SD), and categorical data are expressed as numbers (percentages). The nonparametric Mann-Whitney test was used to analyze differences between groups, and the χ2 test or Fisher's exact test was applied for the comparison of categorical data. With the aim of identifying variables independently associated with HVPG, a multivariate analysis was performed using the ordinal logistic-regression procedure on variables that were significantly different in the univariate analysis. A receiver operating characteristic (ROC) analysis was used to assess the diagnostic performance of each noninvasive test in detecting CSPH and SPH, and each area under the ROC curve (AUC) was calculated [24] . The optimal cutoff values were chosen using the Youden index. The diagnostic value of each noninvasive index was calculated based on sensitivity, specificity, accuracy, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (+LR), negative likelihood ratio (-LR) and 95% confidence intervals (CIs). ROC curves were compared as described by Hanley et al [25] . All statistical analyses were performed using SPSS v22.0 software (SPSS Inc, Chicago, IL, USA) or MedCalc Statistical Software version 15.2.2 (MedCalc Software bvba, Ostend, Belgium). For all analyses, p-values were two-tailed, and p-values < 0.05 were considered statistically significant.
Results

Baseline patient characteristics
A total of 238 patients, including 161 males and 77 females, were eligible for inclusion in the study (S1 Appendix). The main demographic, laboratory and clinical characteristics of the patients and the features of the CSPH and SPH subgroups are listed in Table 1 . Among the included patients, 188 (78.99%) had CSPH, and 163 (68.49%) had SPH.
Factors associated with HVPG grade by univariate analysis
To analyze variables associated with the presence of PH, we evaluated markers easily detectable in clinical practice. The variables associated with the presence of CSPH, SPH and HVPG grade were analyzed using univariate analysis. Among all the variables presented in Table 1 
Factors associated with HVPG grade by multivariate analysis
To ensure that all the evaluated factors associated with HVPG grade were simple and easily detectable serum markers, variables such as etiology, Child-Pugh score and ascites were omitted from the multivariate analysis by the ordinal logistic-regression procedure. Thus, the variables independently associated with HVPG grade were as follows: AST value (OR 1.033, 
Performance of serum liver fibrosis indexes in the detection of CSPH
To further assess the diagnostic performance of recently proposed noninvasive fibrosis indexes in detecting CSPH, ROC curves were plotted (Fig 1) . The optimized cutoffs for each noninvasive fibrosis index were calculated from the AUC analysis, as shown in Table 2 . The diagnostic performance of these fibrosis indexes in the detection of CSPH is also shown. King's score, APRI and the Lok index exhibited the best performance, as indicated by AUCs of 0.755, 0.742 and 0.740, respectively. APRI also exhibited the highest accuracy (76.89%) and the lowest -LR (0.31). Overall, the AUC of King's score was significantly higher than that of FIB-4 (p = 0.0002), Forns index (p = 0.0002) and AAR (p < 0.0001). Overall, all of the fibrosis indexes exhibited good performance, with all PPVs > 85%; however, none could rule out CSPH with adequate sensitivity and reliability due to a low NPV (< 60%).
Performance of serum noninvasive liver fibrosis indexes in the detection of SPH
An ROC analysis was also used to assess the diagnostic performance of each noninvasive test in the detection of SPH (Fig 2) . The optimized cutoff value and diagnostic performance of each serum liver fibrosis index in the detection of SPH are shown in Table 3 . King's score, APRI and the Lok index showed the best performance, as indicated by AUCs of 0.742, 0.722 and 0.717, respectively. The Lok index exhibited the highest accuracy (68.91%) with the lowest -LR (0.45). King's score exhibited a high accuracy of 67.23% with the highest +LR (3.60). Moreover, the AUC of King's score was significantly higher than that of FIB-4 (p = 0.0341), Forns index (p = 0.0008) and AAR (p = 0.0006). Taken together, none of the investigated fibrosis indexes, except King's score, which had a PPV > 88.66%, were able to detect or rule out SPH with adequate sensitivity and reliability due to a low PPV (< 85%) and a low NPV (< 60%).
Combination of noninvasive liver fibrosis indexes for the prediction of HVPG
To increase the performance of the liver fibrosis indexes, combinations of two of the three fibrosis indexes that showed the best performance (King's score, APRI and the Lok index), with an AUC > 0.7, were evaluated. The combination of King's score (cutoff 23.47) and the 
Performance of serum liver fibrosis indexes in different subgroups
A subgroup analysis was conducted to investigate the influence of different clinical parameters on the performance of the fibrosis indexes in the prediction of PH. Seven single noninvasive fibrosis indexes and combinations of indexes with the best diagnostic performance were assessed by a subgroup analysis, including different Child-Pugh classes (Child-Pugh A and Child-Pugh B/C), different cirrhosis etiologies (viral cause and non-viral cause)and different gender(male and female).
No differences were observed in the AUC of any single fibrosis index among the different Child-Pugh classes, different etiology groups and different gender groups (Table 4, S1 Table) . In addition, in the different etiology groups, the fibrosis indexes generally performed better in the prediction of CSPH and SPH in the viral-cause group than in the non-viral-cause group; however, the difference was not statistically significant, as shown in Table 4 .
For the prediction of CSPH and SPH using both King's score and the Lok index, the data were as follows: among 135 viral-cause patients, King's score and the Lok index agreed in 86 (63.70%) and 66 (48.89%) cases, and 78 (57.78%) and 52 (38.52%) cases were screened out, respectively. Among 103 non-viral-cause patients, King's score and the Lok index agreed in 62 (61.16%) and 44 (42.72%) cases, and 51 (49.51%) and 21 (20.39%) cases were screened out, respectively. Therefore, the noninvasive screening model may be more applicable to patients with cirrhosis of viral etiology.
Discussion
PH is a common complication of cirrhosis and contributes to the development of a series of complications. Studies have indicated that HVPG measurements perform well in the assessment of fibrosis or cirrhosis regardless of etiology and in the prediction of liver-related variceal hemorrhage [26, 27] . In addition, recent guidelines indicate that HVPG measurements also provide prognostic information, such that changes in HVPG are associated with a relevant consequent outcome [28] . However, due to the invasiveness, requirement for advanced technical expertise and high costs associated with HVPG measurements, the introduction of simple, noninvasive screening and diagnostic methods would represent a major clinical advancement. Therefore, we intend to develop noninvasive methods as a first-line screening tool for the identification of patients at risk for PH whom may benefit from HVPG measurement.
In patients with cirrhosis, PH is associated with both increased IVR and increased portal inflow [29, 30] . Liver fibrosis results in vascular compression due to collagen deposition around the sinusoids and the formation of regenerative nodules, which play major roles in the increase in IVR [31] . Recently, other studies have considered several noninvasive fibrosis indexes for the prediction of HVPG. In a prospective study, Vipin Verma reported that an APRI score ! 1.09 exhibited acceptable accuracy for the prediction of SPH, with an AUC of 0.716 (95% CI 0.574-0.858), 66% sensitivity, 73% specificity, 85% PPV, 47% NPV and 68% accuracy; however, that study included only one fibrosis index [32] . In another study, Eun Ju Cho et al investigated the diagnostic value of noninvasive markers, such as APRI, Forns index, FIB-4, Lok index and liver stiffness (LS) as determined by FibroScan, in predicting PH in patients with alcoholic cirrhosis [33] . The results of that study indicated that LS most accurately predicted CSPH in patients with compensated alcoholic cirrhosis. However, the study was limited to the field of alcoholic cirrhosis. In another study, acoustic radiation force impulse imaging (ARFI), transient elastography (TE) and APRI exhibited high diagnostic accuracy for CSPH in only 88 patients [34] . Currently, the incorporation of noninvasive methods, including serumbased markers and sonography-based methods, is increasingly used for the assessment of liver fibrosis or cirrhosis [35] [36] [37] [38] ; these methods provide a novel means of PH assessment. In Wei Zhang's study, the combination of Fib-4 and FibroScan achieved a maximum AUC of 0.833 and accuracy of 77.8 for PH prediction [39] . However, the combination of these two methods remains insufficient for the assessment of PH. To date, no study has evaluated the diagnostic efficacy of the most recently proposed serum liver fibrosis indexes in predicting portal pressure in patients with cirrhosis.
For the abovementioned reason, we evaluated seven simple serum markers that were recently proposed for the noninvasive diagnosis of liver fibrosis; however, none of them showed sufficient accuracy or predictive values, with AUCs less than 0.80 for the diagnosis of CSPH and SPH. Additionally, we determined that King's score, APRI and the Lok index exhibited better diagnostic accuracy than the other noninvasive indexes. However, their diagnostic accuracy was not significantly different from most comparable analytic parameters. Interestingly, all of the serum liver fibrosis indexes that were considered in the present study included at least one of the variables independently associated with PH grade, such as AST value, PLT count and ALB. The lessthan-satisfactory results and their potential explanations are as follows: first, the noninvasive markers utilized in this study were first used for the assessment of liver fibrosis or liver cirrhosis in patients with chronic hepatitis C [17] [18] [19] [20] [21] [22] [23] ; therefore, the different etiologies may have influenced the results. Second, liver fibrosis is not the only factor that may cause PH, as mentioned above; thus, the use of liver fibrosis indexes to predict HVPG may lead to slightly inaccurate results.
To further increase performance, combinations of the noninvasive fibrosis indexes were evaluated. It was previously suggested that combinations of several noninvasive methods might increase the diagnostic performance compared with that of single-index methods in the prediction of EV [8] . Based on recent recommendations, we aimed to predict PH, which is defined as CSPH, especially in patients with clinically relevant complications, such as EV and ascites; additionally, we aimed to predict SPH, which reflects the risk of variceal hemorrhage [40] . The results showed that the combination of King's score (cutoff 23.47) and the Lok index (cutoff 1.30) predicted the presence of CSPH with the highest PPV and +LR. Since half of the patients had a King's score greater than 23.47 and a Lok index greater than 1.30, a large number of patients would be selected by this method to undergo HVPG measurement to diagnose CSPH. For the prediction of SPH, the combination of King's score (cutoff 35.17) and the Lok index (cutoff 1.40) also showed the highest PPV and +LR; however, only 20% of patients were identified with this method. Since CSPH precedes SPH, the model for screening CSPH may be used to establish an early diagnosis of PH for timely treatment. Combinations of single noninvasive indexes provide a tool for selecting patients with a high risk of CSPH for whom HVPG measurement may be more urgent, with a relatively small number of misdiagnosed cases. Such noninvasive first-line screening methods are especially needed, as HVPG measurement is not widely available, and rational allocation of resources may be critical in certain countries and regions.
The subgroup analysis of different cirrhosis etiologies revealed an interesting phenomenon: not only a single fibrosis index but also the combined screening model may be more applicable to patients with cirrhosis of viral etiology. This result was consistent with our previous univariate analysis, which showed that etiology was a variable associated with HVPG grade. We speculate that these results may be attributed to the fact that all of the evaluated noninvasive indexes were initially applied to patients with viral hepatitis. However, the present study included a limited number of cases; therefore, additional studies are required to confirm the positive preliminary results.
In conclusion, our study suggests that serum liver fibrosis indexes possess modest diagnostic accuracy in the detection of PH in patients with cirrhosis. However, the combination of King's score (cutoff 23.47) and the Lok index (cutoff 1.30) may be used as an initial screening tool to identify cirrhosis patients who are at very high risk of CSPH and to determine the need for further evaluation with HVPG measurements. 
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